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Many thousands of substances are deliberately applied to the human skin
for hygienic, cosmetic, and other purposes. Among these, soaps, at least in the
civilized world, are probably used more frequently and on more human beings
than any other single preparation.
The wide use of soaps and the ease of their application to more or less large
skin areas during washing, bathing, and showering has frequently led to the
idea that they could serve not only for their basic purpose of cleansing but also
as vehicles for "active" therapeutic ingredients. A great variety of substances
have been incorporated into soaps, among them such common dermatologic
therapeutics as tars, resorcin, sulfur, salicylic acid and beta-naphthol, to mention
only a few examples. In more recent years probably the most frequently added
"active" ingredient in soaps has been hexachlorophene (2, 2'-methylenebis(3 ,4,6-
trichiorophenol)) which had been shown by Traub, Newhall and Fuller (1) and
Seastone (2) to have a strong germicidal effect against a number of infectious
and "normal skin" micro-organisms which are found on human skins. Traub,
Newhall and Fuller (1), Cade (3) and others have shown that this germicidal
effect leads to a very significant reduction in the normal bacterial flora on
human skin after washing with soap in which hexachiorophene has been in-
corporated.
We have recently had the opportunity to study the germicidal effect of a
soap containing tetramethyithiuram disulfide (TMTD). The chemical structure
of TMTD is shown in figure 1. This compound has some background giving
evidence of its antimicrobial action.
Miller and Elson (4) have demonstrated that TMTD in solution has a strong
inhibitory effect in vitro on pathogenic fungi and bacteria. In a recent publica-
tion Vinson (5) reported that an 8% solution of 1 % TMTD soap strongly
inhibits Micrococcus pyogenes var. aureus, Escheria coli and Salmonella typhi.
He also found it to inhibit Trichophyton mentagrophytes, Candida albicans, T.
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Fia. 1. Chemical structure of tetramethyithiuram disulfide
rubrum and Microsporum audouini. * TMTD soap produced a very marked
reduction of the bacterial counts on the hands and this germicidal action was
greater than that of hexachiorophene soap. After a single washing with TMTD
soap 81 % of subjects who previously had an objectionable axillary odor were
free from such odor one day later, 62 % two days later and 23 % three days
later. Vinson showed that at the effective soap concentration of 1 %, as well
as in concentrations 5 to 10 times the use level TMTD soap exhibited no skin
irritation or systemic toxicity when tested by the FDA 90 day subacute topical
toxicity test. TMTD has shown no irritant qualities on the skin of man and
animals (5, 6, 7) and allergic sensitivities to TMTD have not developed after
prolonged use of this TMTD soap (5). TMTD has also been used as a pesti-
cide (8).
INVESTIGATIVE STUDIES
Bacteriologic studies
The germicidal action of soaps was tested by us in vivo by a method which
is a modification of the multiple basin procedure suggested by Cade (3) and
originally described by Price (9).
HAND WASHING TESTS
The persons volunteering for participation in these studies were men and
women between the ages of 20 and 45 who were engaged in work as residents,
post-graduate medical students, nurses, technicians or clerical employees.
Three soaps were used in our tests. One was a bar of a commercial toilet
soap, from here on referred to as control soap; the second, a bar identical with
the control soap except for the addition of 1 % tetramethylthiuram disulfide,
from here on referred to as TMTD soap; nd the third, a bar identical with the
control soap except for the addition of 2% hexachlorophene, from here on
referred to as hexachiorophene soap. These soaps were identical in color, odor,
consistency, and other gross properties, and were distinguishable to the partici-
pants only by a code number appearing on the box. Volunteers were not given
any information as to the type of soap which was given them at any particular
stage of the tests.
Technic of obtaining wash-waters for bacterial counts
One liter of sterile distilled water was poured into a sterile 2 quart enamel
basin. After the subject had wet his hands in this water, 5 ml of a sterile soap
* In our own tests, not reported here, we were able to confirm the antifungal action in
vitro of solutions of TMTD soap against T. rubrum, T. mentagrophytes, T. violaceum, M.
audouini, M. canis and M. gypseum.
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solution were poured into his cupped palms and he worked up a lather on his
hands up to the wristbone for 1 minute. The soap solution had been prepared
by dissolving a commercial brand of soap flakes in distilled water in a concentra-
tion of 10% and was sterilized by autoclaving in 5 ml amounts. This 10 % soap
flake solution was used only during the multiple basin washings and should not
be confused with the control soap, a soap bar which was used by the volunteers
during the specified "control" periods as part of their daily hygiene. After the 1
minute lathering period was completed, the subject rinsed the lather from his
hands in the basin for 15 seconds. He allowed his hands to drain into the basin
for a few seconds and then moved on to the second basin, where the same
process was repeated, omitting only the preliminary wetting of the hands.
In 13 of the 35 subjects using TMTD soap, a seven basin method was used,
each examination consisting of washing successively in 7 basins following the
routine just described.
All other subjects used a simplified three basin method as follows (3): subsequent
to the hand washing in basin # 1, the subject carried out the hand washings
corresponding to basins # 2 and #3 over a sink, the only variation in procedure
consisting of rinsing the water from his hands under flowing tap water. He then
continued the hand washing in sterile water in 2 additional basins (washings
#4 and #5). For these subjects, bacterial counts could be made only in the
wash water of washing # 1, #4, and #5.
Immediately after each washing, the contents of the basin were thoroughly
stirred with a sterile pipette and 1.0 ml and 0.1 ml samples were removed in
duplicate from the basin to sterile petri dishes. Fifteen ml of sterile Bacto-
nutrient agar, cooled to approximately 45°C, was added to each plate and the
contents were mixed by rotating the plates. The plates were incubated at 37°C
for 48 hours and the bacterial colonies counted using a Quebec colony counter.
The number of bacteria per ml of wash water in each basin at each washing was
calculated by averaging the counts of duplicate plates.
Procedure
Starting one week before they were to begin active participation in these
handwashing studies, and continuing for the duration of the experiment, the
subjects were cautioned to discontinue the use of organic solvents, hand lotions,
germicides and germicide-containing soaps.
After at least one week's avoidance of germicidal soaps, hand lotions, etc.
each volunteer was subjected to the first series of multiple basin washings, either
by the 7 basin or 3 basin method, and bacterial counts were taken. He was
then given a bar of control soap and told to use it on his hands at least 3 times
daily. The use of other soaps was not prohibited, providing they contained no
germicides.
After using the control soap for one week the volunteer returned for a second
series of multiple basin washings and bacterial counts were taken. The bacterial
counts of corresponding basins from the first and second series of multiple basin
washings furnished the control bacterial counts on the hands of each subject
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which were subsequently used as a basis for comparison with the counts obtained
after the use of germicidal soaps.
The number of colonies obtained from the first basin in each series were
designated the "transient" bacterial count and the average of basins 4 and 5
were designated the "resident" bacterial count.
Results of control washings
Both transient and resident bacterial counts fluctuated between the first two
control series of multiple basin washings (table 1). Eighteen of 35 subjects
showed an increase, while 17 showed a decrease in transient bacterial counts
after using the control soap for one week. Similarly, the resident counts of 20
of the subjects increased, while 15 decreased after the use of the control soap
for one week. These results indicate that the bacterial counts, as ascertained by
our technic, varied in a random manner, with approximately one-half of the
subjects showing an increase and one-half a decrease after using control soap
for 1 week. There is no indication from these data that the control soap exerted
an antibacterial effect on the bacterial flora of our volunteers.
TEST 1
One week's use of TMTD soap
After completing the second control washing, 35 subjects were then given a
bar of TMTD soap and were again instructed to use it on their hands at least
three times daily for the next week.
After using the germicidal soap for 7 days, the subject returned to the labora-
tory for a third series of multiple basin washings. It should be stressed once
more that in this multiple basin washing and in all others reported here, the
subject used a 10 % solution of non-germicidal soap flakes. This was necessary
in order to obviate the error which would have been caused by the presence of
the antibacterial agent in the wash water which was added to the culture plates.
The only times the subjects used medicated soaps during this study were during
specified periods, and only in the course of their daily hygiene. The bacterial
counts from these washings were ascertained and were compared with the
control counts.
In table 2 the bacterial counts obtained in 35 subjects after they had used
TMTD soap for one week are compared with the control counts. Four showed
either no reduction or an increase in the number of transient bacteria. Only 1
subject showed an increase in the resident bacterial count.
In 31 subjects, the transient bacterial count showed a reduction* ranging
from 20—99% with an average of 74.5 %. Thirty-four showed a reduction in
the resident bacterial count ranging from 5—99%, with an average of 72%. The
*We have been advised (15) that the use of "percentage reduction" in the presentation
of tests dealing with germicidal soaps is undesirable from a statistical viewpoint. Despite
this we are reporting the percentage reduction of bacterial counts in the present paper in
order to permit comparison of our results with those given in the publications of previous
authors on this subject.
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TABLE 1
Bacterial counts in control washings
(Before use of germicidal soap)
Number of Bacteria per ml of Wash Water
Subject Transient bacteria Resident bacteria
1st control 2nd control % - 1st control 2nd control %
washing washing reduction washing washing reduction
1 5165 3000 42 798 296 63
2 748 1775 _137* 343 564 —66
3 2055 490 76 575 265 54
4 4580 2365 48 1888 1248 34
5 2555 12740 —403 1223 2918 —139
6 3570 2570 29 1608 918 43
7 2125 3355 —58 623 1590 —155
8 507 2370 —367 246 638 —156
9 705 1460 —100 560 900 —61
10 365 1560 —328 793 1095 —38
11 436 1810 —316 213 1243 —485
12 1830 3930 —115 268 478 —78
13 7295 1755 76 194 171 12
14 2455 3315 —35 392 640 —63
15 1655 990 40 1183 2258 —91
16 9640 33000 —242 5580 9213 —65
17 7815 7340 6 3960 2615 35
18 1190 1020 14 280 825 —194
19 5975 2650 56 2223 1110 50
20 2050 15000 —630 1275 13513 —960
21 3135 42000 —1300 778 25107 —3127
22 1885 36720 —184 1087 28500 —2521
23 1035 115 89 488 39 92
24 4400 2735 38 2120 2463 —16
25 16000 985 94 7713 528 93
26 5840 1215 79 2080 635 70
27 3365 1475 56 1568 1588 0
28 6455 1245 81 3750 533 86
29 1005 1820 —81 548 533 2
30 1550 540 65 683 343 50
31 5060 7680 —52 5698 2615 54
32 3110 1870 40 1232 1358 —10
33 930 3090 —232 148 695 —370
34 267 1700 —537 100 810 —710
35 825 3100 —275 116 770 —564
* Theminus sign preceding figures in the column showing the per cent reduction denotes
that the percentage given actually refers to an increase in bacterial count of the second
control washing over the first.
overall per cent reduction in the 35 subjects was 58% of transient bacteria and
66% of resident bacteria.
Table 3 attempts to present these results in a more concise form. Transient
bacteria were reduced by 80% or more in 16, and by 50 % or more in 28 of 35
TABLE 2
Bacterial counts of washings after using TMTD soapfor one week
Subject e
Number of Bacteria per ml of Wash Water
Transient bacteria Resident bacteria
Control
count
After TMTD
soap
%
reduction
Control
count
After TMTD
soap
%
reduction
1 4083 4010 0 547 463 14
2 1261 243 81 453 65 86
3 1273 145 89 420 75 82
4 3473 1715 51 1567 258 84
5 7648 2465 68 2071 538 74
6 3070 864 72 1262 198 84
7 2740 256 91 1231 130 89
8 1438 196 86 441 32 93
9 1083 88 92 730 27 96
10 963 39 96 919 117 87
11 1123 178 84 727 192 74
12 2880 289 90 373 127 66
13 4525 1730 62 183 101 45
14 2885 368 87 516 52 90
15 1323 1860 —40 1720 1020 41
16 21320 6700 69 7396 1050 86
17 7578 355 95 3288 136 96
18 1105 1025 0 553 204 63
19 4313 1855 57 1666 1103 34
20 8525 541 94 7396 110 98
21 22568 465 98 12943 246 98
22 19300 165 99 14794 92 99
23 575 194 66 264 111 58
24 3568 93 97 2291 52 97
25 8403 110 98 4120 73 98
26 3528 2825 20 1358 218 84
27 2420 1435 40 1578 383 76
28 3850 480 88 2141 1058 50
29 1413 590 58 540 371 31
30 1045 247 76 513 91 82
31 6370 1760 72 4156 843 79
32 2490 2000 20 1295 675 48
33 2010 870 56 421 399 5
34 983 3285 —234 455 1130 —148
35 1963 745 62 483 134 70
5"Control count" refers to the average of the counts obtained in the first and second
control washings (see Table 1).
TABLE 3
Per cent reduction in bacterial counts after using TMTD soap for one week
% Reduction
Transient bacteria Resident bacteria
No. of subjects % of subjects No. of subjects % of subjects
90—99
80—89
70—79
60—69
50—59
Less than 50
10
6
3
5
4
7
28.5
17.1
8.6
14.3
11.4
20.0
9
9
5
2
2
8
25.6
25.6
14.3
5.7
5.7
22.9
35 35
198
fri
I..
z
14
0.
14
I..U
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Fio. 2. Bacterial counts of wash waters of 13 subjects before and after using TMTD
soap for one week.
subjects; and resident bacteria by 80% or more in 18, and by 50% or more in
27 of 35 subjects.
As was stated previously, 13 of the 35 volunteers participating in these
studies were examined by the seven basin method. In figure 2 the counts of
these 13 subjects are averaged and plotted. It may be seen that the counts
obtained from these subjects after using TMTD soap for 1 week are much
lower throughout the entire curve than counts obtained during the control
period.
TEST 2
One week's use of hexachiorophene soap
In order to permit comparison of the germicidal efficiency of TMTD soap
with hexachiorophene soap, 14 volunteers were subjected to the same series of
handwashing tests by the three basin method as previously described, except
that they used hexachlorophene soap for 1 week prior to the third series of
hand washings. The control bacterial counts were then compared with counts
obtained after using hexachiorophene soap for one week.
Results
The results of these tests are presented in table 4. Two of the 14 subjects
showed an increase in transient bacteria and one showed an increase in resident
7
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TABLE 4
Bacterial counts of washings after using hexachiorophene soap for one week
Subject if
Number of Bacteria per ml of Wash Water
Transient bacteria Resident bacteria
Control cot After hexachlo-
rophene soap
' reduction' Control coun I After hexachlo-I rophene % reduction
36
37
38
39
40
41
42
43
44
45
46
47
48
49
3020
2708
1628
705
2155
3495
1568
574
1880
2405
4045
85
2408
230
1080
845
1765
79
1600
965
1500
1605
174
1730
1360
29
350
41
64
68
—8
80
26
72
4
—180
91
28
66
66
86
82
2245
1578
1106
593
1111
1420
679
208
476
1000
2845
59
1305
84
763
482
760
201
635
565
565
620
23
485
1080
16
152
8
66
70
31
67
43
60
17
—198
95
52
62
73
88
90
TABLE 5
Per cent reduction in bacterial counts after using hexachiorophene soap for one week
% Reduction
Transient bacteria Resident bacteria
No. of subjects % of subjects No. of subjects % of subjects
90—99
80—89
70—79
60—69
50—SO
Less than 50
1
3
1
4
0
5
7
21
7
29
0
36
2
1
2
4
1
4
14
7
14
29
7
29
14 14
bacteria. The reduction in transient bacteria in the remaining 12 volunteers
ranged from 4—91 % with an average reduction of 62%. The reduction in resident
bacteria in the remaining 13 volunteers ranged from 17—95 % with an average
of 63 %. The overall per cent reduction in all 14 subjects was 34% of transient
bacteria and 44% of resident bacteria.
Table 5 attempts to present these results in more concise form. Transient
bacteria were reduced by 80% or more in 4 and by 50% or more in 9 of 14
subjects. Resident bacteria were reduced by 80% or more in 3 and by 50% or
more in 10 of 14 subjects.
TEST 3
Bacterial counts 2 days after TMTD soap was discontinued
Ten volunteers who had participated in Test 1 were withdrawn from TMTD
soap after the third series of multiple basin washings and were given a bar of
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control soap to use for the next 2 days. After these 2 days a fourth series of
multiple basin washings was performed in order to ascertain whether any
remaining germicidal action could be discovered.
Results
The bacterial counts from this fourth series of multiple basin washings
showed definite evidence of persistence of the germicidal action of TMTD soap
for the 2 day period. The results presented in table 6 indicate that all volunteers
continued to show a reduction in transient bacteria, which averaged 61 %
less than the control counts. In only one of the 10 subjects did the resident
bacteria show an increase while the remaining 9 still showed an average reduction
of 77%. The overall reduction in resident bacteria in the 10 volunteers still
amounted to 51 %.
TEST 4
Bacterial counts days after hexachiorophene soap was discontinued
Eight volunteers who had participated in Test 2 were withdrawn from
hexachlorophene soap after the third series of multiple basin washings and were
given a bar of the control soap to use for the next 2 days. After these 2 days a
fourth series of multiple basin washings was performed in order to ascertain
whether any remaining germicidal action could be discovered.
Results
The bacterial counts from this fourth series of multiple basin washings
showed persistence of the germicidal action of hexachlorophene soap (table 7)
for the 2 day period on the transient bacteria in 4 of 8 volunteers, the counts
averaging 66% less in these 4 than the control counts. The overall reduction in
TABLE 6
Bacterial counts of washings 5 days after TMTD soap was discontinued
Number of Bacteria per ml of Wash Water
Transient bacteria Resident bacteria
Sub3ect S _____________________________ _____________
______________ _____________
2 days after 2 days after
Control count TMTD soap % reduction Control count TMTD soap % reduction
was discontinued was discontinued
8 1438 800 44 441 140 68
14 2885 645 77 516 97 81
15 1323 965 27 1720 490 71
17 7578 2370 69 3828 1538 60
20 8525 1040 87 7396 153 98
22 19300 815 96 14794 623 96
31 6370 2610 59 4156 828 78
32 2490 1210 51 1295 414 68
33 2010 1570 22 421 1198 —184
34 983 214 78 455 105 77
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TABLE 7
Bacterial counts 2 days after hexachtorophene soap was discontinued
SuWect
Number of Bacteria per ml of Wash Water
Transient bacteria Resident bacteria
Control count
Bacterial count
2 days after
hexachlorophene
soap was
discontinued
% reduction Control count
Bacterial count
2 days after
herachiorophene
soap was
discontinued
% reduction
39
40
41
45
46
47
48
49
705
2155
3495
2405
4045
85
2408
230
800
4450
4575
2625
1080
52
630
51
—13
—107
—31
—9
73
39
74
78
593
1111
1420
1000
2845
59
1305
84
310
1565
2690
1203
505
15
110
17
43
—41
—90
—20
82
75
92
80
transient bacteria in the 8 volunteers still averaged 13 % less than the control
counts. Five of 8 subjects still showed a reduction in resident bacteria, the
counts averaging 74% less than the control counts. The overall reduction in
resident bacteria in the 8 volunteers was 28%.
TEST t5
Bacterial counts 1 week after TMTD soap was discontinued
Eleven volunteers who had participated in Test 1 were withdrawn from
TMTD soap after the third series of multiple basin washings and were returned
to the control soap for 1 week. After this week a fourth series of multiple basin
washings was performed in order to ascertain whether any remaining germicidal
action could be discovered.
Results
The bacterial counts from this fourth series of multiple basin washings showed
no evidence of clinically significant persistence of the germicidal action of
TMTD soap after one week (table 8). Seven volunteers still showed an average
reduction of transient bacteria of 57% but the overall results in the group
showed a slight increase over the control count. Six volunteers still showed an
average reduction of resident bacteria of 51 % but the overall effect in the
group was a higher count than that obtained during the control washings.
TEST 6
Bacterial counts 1 week after hexachlorophene soap was discontinued
Six volunteers who had participated in Test 2 were withdrawn from hexa-
ehiorophene soap after the third series of multiple basin washings and were
returned to the control soap for one week. After this week a fourth series of
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TABLE 8
Bacterial counts of wa8hings I week after TMTD soap was discontinued
Subject
Number of Bacteria per ml of Wash Water
Transient bacteria Resident bacteria
Control count
Bacterial count
discontinued
% reduction Control count
Bacterial count
1 week after
discontinued
% reduction
1
2
3
4
5
6
7
9
10
12
16
4083
1261
1273
3473
7648
3070
2740
1083
963
2880
21320
6200
5610
610
1175
4760
2400
560
4810
1675
283
9900
—52
—345
52
66
38
22
79
—344
—74
90
55
547
453
420
1567
2071
1263
1231
730
919
373
7396
1520
3015
495
663
2540
1268
204
5123
242
218
4215
—178
—565
—18
57
—23
6
83
—602
74
42
43
TABLE 9
Bacterial counts 1 week after hexachlorophene soap was discontinued
Subject *
Number of Bacteria per ml of Wash Water
Transient bacteria Resident bacteria
Control count
•Bacterial count
1 week after
hexachiorophene
soap was
discontinued
% reduction Control count
Bacterial count
I week after
hexachlorophene
soap was
discontinued
% reduction
36
37
38
42
43
44
3020
2780
1628
1568
574
1880
3320
1405
4470
2480
1130
52
—10
48
—175
—58
—97
97
2245
1578
1106
679
208
476
2650
1730
1645
1235
420
19
—18
—10
—49
—82
—104
96
multiple basin washings was performed in order to ascertain whether any
remaining germicidal action could be discovered.
Results
The bacterial counts from this fourth series of multiple basin washings
showed no evidence of clinically significant persistence of the germicidal action
of hexachiorophene soap. Table 9 demonstrates that 2 subjects continued to
show a reduction in transient count, and 1 a reduction in resident count but on
the average the bacterial counts, both transient and resident, returned to a level
slightly higher than the control counts.
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TABLE 10
Corn parison percentage reduction of bacterial counts in eleven sethjects after using TMTD
soap for I and 2 weeks
% Reduction
Number of Subjects
Transient bacteria Resident bacteria
After 1 week After 2 weeks After I week After 2 weeks
90—99
80—89
70—79
60—69
50—59
Lessthan5O
3
1
1
2
2
2
2
1
1
2
2
3
3
2
2
0
2
2
4
2
0
2
0
3
TEST 7
Two weeks' use of TMTD soap
In order to ascertain whether the maximal germicidal effect is reached during
the first week's use of TMTD soap, 11 subjects who had participated in Test
1 were reexamined in a fourth series of multiple basin washings after they
had continued to use TMTD soap for an additional week. Table 10 indicates
that no significant further reduction in either transient or resident bacteria
resulted when TMTD soap was used for 2 weeks as compared with one week.
The maximal germicidal effect of daily use of TMTD soap apparently is reached
within the first week.
Bacteriologic tests to rule out development of resistance to TMTD
In order to ascertain whether bacteria which are part of the normal flora of
the skin develop increased resistance to TMTD soap, gram positive, non-
pigmented micrococci were isolated from plates derived from the fourth and
fifth basins, both from the control washings before TMTD soap had been
used, and from the third series of multiple basin washings after this soap had
been used for one week.
Subcultures of these isolates were made onto Bacto-nutrient agar slants.
After incubation at 37°C for 24 hours the sub-cultures were refrigerated until
used for in vitro assays. Isolates derived from the same subject before and after
1 week's washing with TMTD soap were assayed at the same time.
Cultures which were to be used in the in vitro tests were transferred twice in
Bacto-nutrient broth at 24 hour intervals. The second broth transfers were
then streaked over the surface of freshly poured nutrient agar plates and sterile
filter paper discs, 0.5 inch in diameter, were distributed over the surface of the
agar plates.
8% solutions of control soap and of the TMTD soap were prepared in distilled
water. Xylene sulfonate was added to each soap solution in 0.5 % concentration
to retard gelation of the soap solutions at room temperature. Dilutions of
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TABLE 11
Number of isolates not inhibited by TMTD soap before and after 1 week's use of TMTD soap
% TMTD m soap
solution
Number of isolates
(obtained before
TMTD soap was
used)
Percentage of isolates
(obtained before
TMTD soap was
used)
Number of isolates(obtained alter
TMTD soap was
used for 1 week)
Percentage of isolates
(obtained after
TMTD soap was
used for 1 week)
0.02
0.01
0.005
0.0025
0
1
13
48
96
136
0.7
9.5
35
70
100
1
5
51
87
140
0.7
3.5
36
62
100
TMTD soap solution were made using the control soap solution as the diluent
so that while the final concentration of soap in each dilution remained at 8%,
the final dilutions of TMTD were 0.02, 0.01, 0.005, 0.0025, and 0%.
Subsequently, 0.03 ml of the several dilutions of TMTD soap were added to
the filter paper discs on the seeded nutrient agar plates. The plates were then
incubated at 37°C for 24 hours and zones of inhibition surrounding the filter
paper discs were measured. Inhibition of the test strain was recorded as positive
where the filter paper disc was surrounded by a definite zone of inhibition.
Inhibition was recorded as negative where no such zone was observed, or where
there was a very faint zone, overgrown with minute colonies of bacteria.
Results
In vitro assays for resistance were made on 136 strains of niicrococci isolated
from the skin of volunteers before TMTD had been used and 140 strains of
micrococci isolated from the same subjects after they had used TMTD soap for
one week. The results of these assays are presented in table 11. They show no
evidence of increased resistance of skin micrococci to TMTD soap after using
it for 1 week. This lack of resistance was noted also in one subject who used
TMTD soap consistently on his hands for 9 weeks. Plate counts of wash waters
were made before he began to use TMTD soap and at weekly intervals during
the 9 week period (figure 3). There was no evidence that resistance to TMTD
of either transient or resident organisms had developed during this 9 week
period. After the 9 weeks' use of TMTD soap, it was discontinued and control
soap was substituted for the tenth week. The washing at the tenth week showed
a return of both transient and resident bacteria to the control level. After this
last washing, TMTD soap was resumed for a week and a washing done at the
eleventh week. Again both transient and resident counts were reduced.
CLINICAL TESTS
TMTD soap was given to 309 dermatologic patients, who were instructed to
use it in place of their regular toilet soap for a period ranging from 14 days to
many weeks. During and after this period the patients were examined for
evidence of any ill-effects and in particular for skin irritations. After approxi-
mately three or more weeks' washing with TMTD soap, 214 subjects were
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Fio. 3. Effect of prolonged use of TMTD soap on the bacterial flora of the hands of one
subject.
patch tested in order to ascertain whether allergic sensitization to TMTD had
occurred in any of them.
The 309 patients can be roughly divided into three groups: a) 90 patients
under treatment in the Allergy Section (mostly patients with allergic contact
dermatitis, atopic dermatitis, non-allergic eczematous eruptions, urticaria, etc.),
b) 113 patients under treatment in the Mycology Section (mostly patients with
mycotic infections of the feet and other glabrous skin areas), and c) 106 patients
under care in the Treatment Section (patients suffering from a variety of
dermatoses including acne vulgaris, psoriasis, lichen planus, lupus erythematosus,
pyodermas, etc.). While these patients washed with the TMTD soap their
dermatologic management was carried through as indicated by their particular
skin disease.
It was thought that a group of patients with skin diseases, rather than persons
with "normal" skins, would be most suitable for discovering any irritations or
allergic sensitizations which might occur due to TMTD, in particular if it
included patients with certain eczematous and eczematoid eruptions where
there is a greater than average susceptibility to allergic eczematous contact-
type sensitization and irritation from soaps. At the same time the investigators
were aware of the fact that some of the patients who were asked to use TMTD
soap suffered from eruptions in which the use of soaps is usually forbidden
because of their known unfavorable effects on these dermatoses.
The patch tests were done in most instances four or more weeks after the
patients had started to wash with the soap under study in order to permit for
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an adequate period of incubation for sensitization. The materials used in the
patch tests Were as follows: TMTD soap 3 % aqueous solution, Control soap
3 % aqueous solution, TMTD 1 % in dimethylphthalate.
Results
TMTD soap was well tolerated in 301 of 309 dermatologic patients. There
was clinical evidence of irritation due to the soap in 2 patients and subjective
or objective evidence of aggravation of the previously existing dermatosis or
production of excessive dryness of the skin in 6 subjects. The clinical diagnoses
in these 8 cases were: dyshidrotic eczema, pustular bacterid, cheilitis, nummular
eczema, neurodermatitis, contact dermatitis, atopic dermatitis and hand
eczema. In only one of these 8 subjects was there any evidence suggesting the
development of allergic sensitization to TMTD. In this instance, the patient, a
13 year old boy with a pustular bacterid, developed what appeared to be a
dermatitis superimposed on his underlying dermatosis and responded with a
one plus reaction in the patch tests with TMTD solution. The patch tests with
TMTD solution in the remaining 213 patients who were tested failed to reveal
positive reactions.
Although control soap and TMTD soap were used in a 3 % aqueous solution
in all 214 patients mild positive reactions of the type which are sometimes
seen in patch tests with soaps were elicited in 36 subjects with both the control
soap and TMTD soap.
DISCUSSION
Germicidal soaps should be considered useful adjuvants in the management
and prevention of certain dermatoses in which infectious micro-organisms play
a role as causal, contributory or superimposed factors such as pyodermas,
superficial fungous infections, acne vulgaris, etc. Moreover, effective germicidal
soaps may serve a useful purpose in certain conditions arising from the activity
of micro-organisms on the skin, without causing disease, such as axillary odors
due to the effects of bacteria on the sweat (5, 10).
The data presented here demonstrate that the soap containing tetramethyl-
thiuram disulfide (TMTD) exerts a significant degree of germicidal activity.
This is brought out by the figures on the efficacy of TMTD in reducing transient
and resident bacterial counts as well as in the comparisons made with the soap
bar in which TMTD was replaced by 2% hexachlorophene, a substance which
is widely used in soaps and detergents and which is generally recognized as
having significant germicidal activity.
Our bacteriologic studies show that TMTD soap used at least 3 times daily
for one week achieves a very marked reduction in both transient and resident
bacteria. This germicidal effect still is very noticeable two days after the use of
TMTD soap has been discontinued, but it is no longer evident 1 week after
withdrawal of the soap. In addition to the germicidal effects of TMTD soap, a
soap containing 2% hexachiorophene was tested by us because we believe that
in evaluating a new therapeutic or germicidal agent it is essential not only to
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establish the activity of the new material, but also to place this activity in
some sort of relationship to the activity of an accepted, widely-used material
designed to serve the same purpose. Unfortunately, it was not possible, for
technical reasons, to run tests with TMTD soap and hexachiorophene soap by
the method of paired comparison (11). The data obtained in our tests, however,
indicate that both TMTD and hexachiorophene soaps possess a high degree of
germicidal activity on the skin of the hands.
After one week's use of the germicidal soaps the overall per cent reduction of
transient bacteria was 58% with TMTD soap and 34% with hexachiorophene
soap; and of resident bacteria was 66 % with TMTD soap and 44% with hexa-
chiorophene soap. Cade (3) has reported that 5 days' use of 2% hexachiorophene
soap resulted in about 25—40% reduction and 10 days' use of this soap in 80—95 %
reduction in resident bacteria. His figures show a greater bactericidal effect after
10 days than ours after 7 days. It is important, however, to note that his calcula-
tions apparently were based on a "high" control count, and the number of
subjects in his study was not stated. Vinson (5) has reported that 1 week's use
of 1 % TMTD soap resulted in a reduction in resident skin bacteria averaging
79% in an unspecified number of subjects. These results are somewhat higher
than those reported here. TMTD soap reduced transient bacteria by 80 % or
more in 16 of 35 subjects and by 50 % or more in 28 of 35 subjects. Hexa-
chiorophene soap reduced transient bacteria by 80% or more in 4 of 14 subjects
and by 50 % or more in 9 of 14 subjects. Resident bacteria were reduced by
TMTD soap by 80 % or more in 18 of 35 subjects and by 50% or more in 27 of
35 subjects. Hexachiorophene soap reduced resident bacteria by 80% or more
in 3 of 14 subjects and by 50% or more in 10 of 14 subjects.
In our studies we have attempted to eliminate all sources of bias which might
affect the validity of our results. The participants were not told at any time
whether they were using germicidal or control soap to avoid the possibility
that they might use the germicidal soap more thoroughly and frequently than
the control soap in a subconscious attempt to "help us along". Also they were
allowed to use other soaps in addition to those given in our laboratory, but
were told to use the soaps under study at least 3 times a day on their hands.
This eliminated the need for the subjects to carry the soap with them at all
times. Three washings is said to be an average number of daily handwashings
in adults (12).
Pohie and Stuart (13) have shown that the rate of removal of bacteria in
serial basin washings is faster the higher the initial count. Using germicidal
soaps we have observed no striking difference in the percentage reduction in
resident bacteria when comparing subjects whose control count was over 1000
bacteria/mi and those under 1000 bacteria/mi.
In our experiments we did not use the "cross-over" method (14), which
would be ideal from a statistical viewpoint. In this method some randomly
selected subjects use the germicidal soap before the control soap and others use
the germicidal soap after the control soap. All our subjects used the germicidal
soap subsequent to the use of control soap. However, an approximation of the
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statistically ideal cross-over method was obtained (15) by considering the results
in 11 subjects (Test ,t' 5) who used control soap for 1 week after using TMTD
soap and comparing these results with those in 11 subjects randomly chosen
from the remaining 24 subjects in Test 1 who used control soap for 1 week
before using TMTD soap. Analysis of variance showed a lower mean value
after TMTD soap had been used than after the control soap had been used
and the difference was highly significant, P being less than .001.
When some of the experimental subjects were reexamined two days after
they had washed with the control soap subsequent to one week's use of the
germicidal soap, there still was evidence of remaining germicidal activity. At
that point it was found that the hands of subjects who had washed previously
with TMTD soap averaged 60 % less transient bacteria and 51 % less resident
bacteria than the control counts. The comparable data for hexachlorophene
soap were 13% less transient bacteria and 28% less resident bacteria.
Reexamination of some of the subjects one week after terminating the use of
the germicidal soap failed to reveal significant evidence of germicidal activity
from TMTD soap or hexachlorophene soap.
These findings suggest that the germicidal activity on the bacteria on the
hands is somewhat greater with TMTD soap than with hexachlorophene soap.
Moreover, the activity of TMTD soap appears to persist longer than that of
hexachlorophene soap.
In addition to the germicidal properties of TMTD soap, we have also investi-
gated its sensitizing capacity in human subjects, its clinical tolerance, and the
possibility of the development of an increased bacterial resistance to the germi-
cidal properties of TMTD soap when it is used as a part of the subject's daily
hygiene.
Our studies failed to reveal development of resistance to TMTD soap in the
bacteria on the hands of our experimental subjects. This is of much practical
importance because germicidal soaps often are used over periods of many months
or years.
The clinical tests in 309 patients suffering from a variety of skin diseases
including allergic, mycotic and bacterial dermatoses with one exception failed
to reveal any reactions which would not have been expected from washing with
ordinary toilet soaps in the same patients. In 8 out of 309 patients the soap had
to be discontinued. One of these 8 who gave a 1 plus reaction in patch tests
with TMTD solution developed an eruption superimposed upon his pustular
bacterid. In this 13 year old boy there is a definite possibility, despite the weak
patch test response to TMTD, that the superimposed eruption was a sensitiza-
tion dermatitis due to TMTD. In the other 7 subjects who were unable to
continue washing with the TMTD soap the reasons were irritations, particularly
in areas affected by their rash, and excessive dryness. The reactions to patch
tests with TMTD solution were negative, confirming the clinical impression
that sensitization to TMTD had not occurred and that the irritations noted
were of the kind to be expected in certain dermatologic patients from the use of
plain soap alone.
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An incidental finding was that 6 irritations due to TMTD soap occurred
among the 90 subjects treated in the Allergy Section as compared with 2 irrita-
tions among the 219 patients treated in the Mycology Section and the Treat-
ment Section of the Department. In discussions dealing with the management
of eczematous eruptions, atopic dermatitis, etc., the point is sometimes made
that, contrary to general dermatologic usage, there is really no reason to forbid
the use of toilet soaps. Our findings contradict this statement and lend support
to the opinion of most dermatologists that toilet soaps and other soaps are contra-
indicated in these eruptions.
The question of the incidence of allergic sensitization to TMTD in millions
of users of such a soap can, of course, not be answered in a sample of 309 subjects.
Nevertheless, the occurrence of one slight reaction among patients with skin
diseases, some of them of an allergic nature, suggests that the allergenic sensi-
tizing capacity of TMTD soap is so low as to be negligible.
Since the usual dermatologic treatment, local and systemic, which was
indicated was continued in almost all patients no attempt was made in this
study to assess the therapeutic effects which might have occurred from the
TMTD soap itself even in dermatoses in which, due to the causal or contributory
role of infectious micro-organisms, some such effect might have occurred.
SUMMARY AND CONCLUSIONS
The germicidal action of a soap containing 1 % tetramethylthiuram disulfide
(TMTD) has been tested by a modification of Price's multiple basin hand
washing procedure.
One week's use of TMTD soap resulted in a very substantial reduction in
the transient and resident bacterial population of the hands. This germicidal
activity persisted to a considerable degree for at least two days after the soap
had been discontinued but was no longer present seven days after withdrawal of
the soap. No significant further reduction in either transient or resident bacterial
counts resulted when TMTD soap was used for 2 weeks as compared with 1
week. The germicidal activity of 1 % TMTD soap appeared to be greater and
persisted longer than that of 2% hexachlorophene soap.
Skin micrococci did not develop increased resistance to TMTD soap after
the soap had been used daily for one or more weeks.
Tests for clinical tolerance were carried out in 309 dermatologic patients
who used the soap for 2 or more weeks, while they were under treatment for a
variety of dermatoses, including allergic and eczematous dermatoses. The soap
was well tolerated in 301 of these dermatologic patients. In 2 subjects there was
clinical evidence of irritation due to the soap and in 6 others it had an un-
favorable effect on the preexisting dermatosis. With one possible exception,
these reactions are likely to have been due to the soap rather than TMTD since
the subjects were suffering from dermatoses which are at times unfavorably
influenced by soaps.
Patch tests for allergic sensitization to TMTD were carried out in 214 subjects
with negative results in 213. A 1 plus reaction to TMTD solution was elicited in
1 subject who had developed a dermatitis after using the soap.
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It is concluded that 1 % TMTD soap is a highly effective germicidal agent
for use on human skin. TMTD soap even when tested deliberately in 309
dermatologic patients under clinical conditions which are highly conducive to
the production of allergic eczernatous sensitizations caused allergic sensitization
to TMTD in oniy 1 subject.
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